INTRODUCTION
============

The stability of hard and soft tissues around dental implants is one of the most decisive factors for long-term implant prognosis.[@B1][@B2] Marginal bone loss is a major factor in implant success or failure.[@B3] Peri-implant infection plays a role in the marginal bone resorption around a dental implant.[@B4]

A previous study has suggested several factors that cause the marginal bone loss, including surgical trauma, reformation of biologic width, implant-abutment connection structure, history of periodontitis, and occlusal overloading.[@B5][@B6] Some studies have assessed the effects of implant-abutment connection structure on the marginal bone level change.[@B7][@B8][@B9][@B10] The implant-abutment connection structure is an important etiologic factor for peri-implant bone remodeling and crestal bone loss, as the highest number of inflammatory cells is infiltrated and the bacteria causing periodontitis are colonized at the microgap of implant-abutment connection.[@B11][@B12]

Biomechanical bone responses depending on implant-abutment connection structure are also considered to affect marginal bone level at peri-implant sites. Compared to the external hex connection, the internal friction connection structure has been shown to be mechanically more stable and advantageous in force distribution.[@B13][@B14] Some studies have reported high stress and marginal bone loss around the external hex connection structure compared with the internal friction.[@B15][@B16][@B17] In contrast, other studies have reported that marginal bone loss between two different connection structures is not statistically significant.[@B18][@B19] Inconsistent results might stem from uncontrolled confounding factors of implant design, such as microthread, platform switching, and surface texture.

An occlusal overload could affect peri-implant marginal bone loss.[@B20] Because of the biomechanics of the lever system of the mandible and jaw elevator muscles, the occlusal force is greater on the posterior than on the anterior region; hence, relative distribution of occlusal bite force in the posterior region is higher than that in the anterior region.[@B21] Therefore, it is necessary to limit implant sites to exclude the difference of occlusal force.

A direct comparison between two different implant-abutment connection structures (external hex and internal friction connections) with identical implant design in the posterior region has been rare, especially in the same posterior region.[@B22][@B23] The current study aims to evaluate the effect of implant-abutment connection structure with identical implant design in the second molar region on the periimplant bone level.

MATERIALS AND METHODS
=====================

This single-blind (patient-blind), randomized, parallel, controlled clinical trial was performed according to the principles of the Declaration of Helsinki and was approved by the Institutional Review Board (IRB \#CMP13001), Seoul National University Dental Hospital, Seoul, Korea. The CONSORT 2010 checklists for clinical trials were followed.[@B24] Two different connection structures of the implants were compared: external hex connection structure (the control group) and internal friction connection structure (the test group). The study was performed between March 2013 and July 2015 at at Seoul National University Dental Hospital, Korea. The flowchart of this study is presented in [Fig. 1](#F1){ref-type="fig"}.

Patients who met all of the following criteria were eligible for inclusion.

1\) Patients aged 20 -- 66 years who could undergo surgical treatment2) Patients who needed to restore a single second molar due to the tooth loss3) Patients with sufficient healing time of at least 3 months following tooth extraction4) Patients who agreed to take the test and sign the informed consent form5) Patients with at least 9 mm width and 9 mm height of alveolar bone in cone beam computed tomography analysis.

The exclusion criteria were as follows:

1\) Untreated periodontal disease2) Acute abscess with pain3) Heavy smokers (\>10 cigarettes per day)4) Parafunctional habit (bruxism, clenching)5) General contraindications to surgery6) Participation in other clinical trials that may interfere with the present protocol

Randomization sequence was created using the randomization program on <http://www.randomization.com> by KTK (Ki-Tae Koo) who didn\'t perform the treatment. In total, 24 subjects were randomized into six blocks. The allocation was concealed by sealing it in an opaque envelope, and the envelope was opened immediately after the final drilling procedure performed at implant surgery.

Patients were recruited and treated by two different periodontists (JL and SK) and one prosthodontist (ISLY). The treatment was performed using a standardized protocol, and the surgery was conducted by two periodontists on 24 patients (12 in each group). No information was provided to the patients, of which connection structure was received. Detailed explanations were given to all recruited patients and a written informed consent form was obtained before enrolling in the clinical trial.

After local anesthesia using 2% lidocaine solution with epinephrine 1:100,000 (Huons, Seongnam, Gyeonggi, Korea), a flap was reflected and dental implants (diameter 5.0 mm; length 8.5, 10, or 11.5 mm; Shinhung, Seoul, Korea) were placed at the buccal bone crest level at maxillary or mandibular second molar region according to the manufacturer\'s recommendation using a non-submerged protocol, and a healing abutment was immediately connected. At implant placement, patients were allocated to either control (external hex connection type; Sola, Shinhung, Seoul, Korea) or test group (internal friction connection type; Luna, Shinhung, Seoul, Korea). The same implant drilling procedure was applied to each group because the implant designs were identical except the implant-abutment connection structures ([Fig. 2](#F2){ref-type="fig"}). No bone augmentation procedure was conducted around the implant placement site. Instructions not to brush the surgical area and to rinse with 0.1% chlorhexidine (Bukwang Pharmaceutical Co., Seoul, Korea) until suture removal were given to the patients, and the suture was removed 7 -- 10 days after surgery. Antibiotics (Augmentin 625 mg) and analgesics (acetaminophen 650 mg) were also prescribed every 8 hour for 5 days. The prosthetic procedure was started 3 months following implant surgery. Definitive impressions were taken at the implantlevel using polyvinyl siloxane (Examix, GC Korea, Seoul, Korea) and transfer impression copings (Shinhung). Customized gold or titanium abutments were made on the master casts in the dental laboratory and metal ceramic gold crowns with the abutment screw access holes were also fabricated. The customized abutments were seated on the implants in the patients\' mouths and the abutment screws were tightened to 35 Ncm torque. The definitive screw- and cement-retained crowns with the screw access holes were cemented to the abutments by resin-modified glass ionomer (Fujicem, GC Corp., Tokyo, Japan) and the holes were sealed. These implant-supported restorations were delivered to the patients at 4 months after surgery, having occlusal contacts at the centric positions and no contacts at the eccentric.

A standardized periapical radiograph (Kodak Ektaspeed Plus film, 1512 × 1134 pixels, 40 × 30 mm, 256 grayscale, Eastman Kodak Co., Rochester, NY, USA) was taken using the paralleling technique (60 kV, 10 mA, 0.250 s) with RINN XCP positioners (Dentsply Sirona, York, PA, USA) at prosthesis delivery (baseline, 4 months after implant placement) and 1 year postloading. This radiographic series for each recruited patient was standardized with the individualized polyvinyl siloxane positioning template for radiography (Blu-Mousse, Parkell, Edgewood, NY, USA), which had been described in a previous study.[@B22] Radiographic images were stored at 300 dpi in tiff format (Infinitt PACS, Infinitt, Seoul, Korea).

An examiner (JCK) conducted repeated measurements of the radiographic parameters using an image analysis program (ImageJ 1.60, NIH, Bethesda, MD, USA). Radiographs were assessed on a 24-inch liquid crystal display monitor (Samsung, Seoul, Korea) under standardized conditions (ISO 12646:2015). Parameters in the radiograph were calibrated with the known width and length of the implants. After training 10 samples, high intraexaminer reliability was achieved. The intraclass correlation coefficients for the radiographic parameters were 0.918 and 0.924, respectively.

The parameters were calculated as follows ([Fig. 3](#F3){ref-type="fig"}):

DIB: distance from implant shoulder to first bone-toimplant contact (primary outcome)PA: peri-implant area (secondary outcome)

The average calculated value of the mesial and distal parts was obtained for each implant. The measurement was progressed to the nearest 0.01 mm.

Most outcome variables for data normalization were accepted using the Shapiro-Wilk test (*P* \> .05). Descriptive statistics were displayed using mean and standard deviation. To assess the difference in DIB and PA values between groups and their changes within the groups, parametric independent t test and paired t test were applied, respectively. An effect size of Cohen\'s d was calculated to assess the actual difference in changes of DIB and PA as following formula: $$\text{Cohen's\ d} = \frac{\text{Mean}_{1} - \text{Mean}_{2}}{\sqrt{\frac{n_{1}{{SD}_{1}}^{2} + n_{2}{{SD}_{2}}^{2}}{n_{1} + n_{1} - 2}}}$$

The interpretation of Cohen\'s d is as follows: 0.2 as small, 0.5 as medium, and 0.8 as large effect size.[@B25] The statistical software IBM SPSS Statistics Version 22 (IBM Corp., Armonk, NY, USA) was used for the analysis. Statistical significance was set at *P* \< .05.

RESULTS
=======

A total of 24 subjects were recruited and 22 received treatment. One patient in the control group did not receive the allocated intervention due to the participant\'s decision to change, and one patient in the test group did not return to the treatment program. The antagonistic maxillary second molars were all natural teeth. Eleven implants in 11 patients were assigned to control group (the external connection) and test group (the internal connection). Patient characteristics related to sex, age, smoking, systemic disease, history of periodontitis, reason for extraction, presence of the adjacent 3rd molar, implant length (data not shown), gingival thickness, and bone quality are presented in [Table 1](#T1){ref-type="table"}. No statistically significant differences were found between the two groups.

Insertion torque was between 25 and 40 Ncm in all implants. No remarkable complications were reported throughout the study. Implants success rate was 100%, according to the criteria proposed by the International Congress of Oral Implantologists Consensus Conference.[@B3] Prosthetic screw loosening was observed once in one subject and two times in one subject (two patients were in the control group). All loose screws were replaced according to the manufacturer\'s recommendation.

The means of DIB and PA at implant prosthesis delivery (baseline) and at 1 year postloading are shown in [Table 2](#T2){ref-type="table"}. There were no statistically significant differences between the control and test groups at baseline. The mean changes of DIB from baseline to 1 year were 0.59 mm (95% confidence interval, −0.05 -- 1.23 mm) and 0.04 mm (−0.45 -- 0.47 mm) for external and internal connection structure, respectively. No significance was found in the DIB change between the two groups (*P* = 0.116). However, the effect size of average change between two groups was observed to be medium (Cohen\'s d = 0.67). Average changes in PA between baseline and 1 year postloading were 0.10 mm (−0.21 -- 0.41 mm) and 0.09 mm (−0.25 -- 0.43) in the control and test groups, respectively, and there was no significant difference between the two groups (*P* = 0.923). The effect size of average change between two group in PA was small (Cohen\'s d = 0.02).

DISCUSSION
==========

The present clinical study aimed to evaluate the crestal bone response to implant-abutment connection structures. To date, no published randomized controlled trial has evaluated the effect of implant-abutment connection on single implant-supported crowns replacing only the missing second molar. Previous studies that have estimated marginal bone level change have focused on diverse factors, especially with respect to implant location, implant-abutment junction, surgical approach (submerged or non-submerged), implant surface, presence of adjacent tooth, and history of periodontitis.[@B5][@B15][@B16] However, to preclude aforementioned factors as a variable, the present study had to adhere to strict inclusion criteria (with the only difference being the implant-abutment connection) to have same implant thread design and texture, second molar position, non-submerged protocol, implant diameter (5 mm), and length falling within the ranges of 8.5 -- 11.5 mm. Fortunately, in our recruited subjects, there were no differences between two groups for extraction option (*P* = 0.678) and history of periodontitis (*P* = 0.361). Therefore, the authors of this study considered the effect of localized and/or generalized periodontitis was minimized enough to compare test and control group.

In the present study, the DIB of the external hex connection tended to increase at 1 year postloading despite of no significance between the baseline and the 1 year postloading due to the small sample size. In this study, we calculated the effect size of Cohen\'s d. It was interpreted as small, medium, and large corresponding to values of 0.2, 0.5, and 0.8, respectively.[@B25] Although the differences could not be confirmed in PA and DIB in terms of *P*-value, the effect size in DIB was observed to be medium. In this point of view, internal connection type might be favorable to peri-implant bone response compared to external hex type. However, we could not observe any differences between control and test group in PA. Initial marginal bone loss is considered to progress linearly to the apical direction and then expand to peri-implant area. As a result, one-dimensional parameter, DIB seems to show a medium effect size (Cohen\'s d = 0.67), whereas PA, two-dimensional parameter, exhibits small effect size (Cohen\'s d = 0.02). However, this result should be accepted carefully and further clinical long-term studies with larger sample size are needed to elucidate the effect of implant-abutment connection type.

Although there are some limits to making direct comparisons, similar studies have shown that internal connection structures exhibited lower values of marginal bone loss with no statistical difference between the connection types.[@B19][@B26][@B27] Some other studies have shown that internal connection structures exhibited lower levels of marginal bone loss, showing a statistical difference compared with external connection structures although no significant difference was found in implant survival.[@B28][@B29][@B30][@B31][@B32] Those authors concluded that the platform switching concept was largely responsible for marginal bone loss. This concept is based on the research that a bacterial contamination of the implant-abutment interface appears to provoke the inflammatory response. Preventing microbial leakage at the implant-abutment junction has been reported to be a major challenge to minimize inflammatory reactions and to maintain the bone crest level at the junction.[@B33] However, there has been a study demonstrating that no difference in bacterial infiltration (*Escherichia coli* and *Streptococcus sanguis*) was found between the implant-abutment connection structures.[@B34]

The different biomechanics of implant-abutment connection structures can explain the different tendency in crestal bone responses to implant-supported restorations. The connection type exerts a significant influence on the stress distribution in bone because of the different load transfer mechanisms and differences in the spread of the contact area between the abutment and implant.[@B30][@B31] Stress around the peri-implant area has been shown to be higher in the external hex connection compared with that in the internal friction.[@B35] More importantly, peri-implant bone strain, which is a key factor to stimulate the bone response, significantly varies depending on the type of implant-abutment connection.[@B13][@B36] The internal friction connection is considered to show more favorable tendency to maintain the bone level by effectively distributing the stress of masticatory or functional load in the mouth, and by efficiently converting the load to the peri-implant bone strain.

CONCLUSION
==========

Within the limitations of this study, the results of this oneyear randomized controlled trial suggested the possibility of the internal friction connection in more effective maintenance of the marginal bone level, considering the effect size in the vertical bone level change, despite of no significant differences in the bone level between the implant-abutment connection structures. Randomized controlled trials with more samples and long-term follow-up are required to determine the relationship of implant-abutment connection structure and marginal bone response.
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![Flow chart of the study. Twelve subjects were allocated to the control and test groups each. Two patients did not receive allocated interventions. One participant in the control group changed decision and one in the test group did not return to the treatment program. In total, 11 subjects in the control group and 11 in the test group received treatment and were analyzed.](jap-11-147-g001){#F1}

![Two implants with different implant-abutment connection structures were used in this study. The control group was an external connection structure (A), and the test group was an internal connection structure (B). Two implants have an identical design such as thread geometry, implant body profile, and surface topography (middle) with the exception of implant-abutment connection structure. The implant thread pitch is 0.8 mm, the thread depth is 0.3 -- 0.45 mm, and the inclination angle of thread flank is 35°. Implant surface was blasted by resorbable blast media, and its arithmetic mean height (R~a~) was 1.50 -- 2.00 µm.](jap-11-147-g002){#F2}

![Schematic of parameters performed in the radiographic analysis. Distance from implant shoulder to first bone-to-implant contact (DIB, blue lines) (A) and peri-implant area (PA, blue areas) (B) of the test group (internal connection structure) were calculated. In the control group, DIB (C, red lines) and PA (D, red areas) were also measured. The black dotted line represents an imaginary line parallel to vertical and horizontal axis of the implants. Digital processing of a radiographic image was performed using ImageJ 1.60 Image Tool software.](jap-11-147-g003){#F3}

###### Description of patient distribution recruited in this study

![](jap-11-147-i001)

                             Treatment group             
  -------------------------- ----------------- ---- ---- -------
  Sex                                                    0.080
   Male                      9                 4    13   
   Female                    2                 7    9    
  Age                                                    1.000
   Under 45 years            5                 4    9    
   ≥ 45 years old            6                 7    13   
  Smoking                                                0.214
   Non-smoker                7                 10   17   
   Former smoker             1                 1    2    
   Mild smoker               3                 0    3    
  Systemic disease                                       1.000
   Hypertension              2                 2    4    
   Diabetes mellitus         1                 0    1    
   None                      8                 9    17   
  History of periodontitis                               0.361
   Yes                       5                 2    7    
   No                        6                 9    15   
  Reason for extraction                                  0.678
   Dental caries             1                 2    3    
   Endodontic failure^\*^    3                 2    5    
   Periodontitis^†^          4                 6    9    
   Root fracture/crack       3                 1    4    
  The 3rd molar                                          0.534
   Absence                   8                 11   19   
   Presence                  3                 0    3    
  Gingival width                                         1.000
   \< 3 mm                   4                 5    9    
   ≥ 3 mm                    7                 6    13   
  Bone quality^‡^                                        0.230
   1                         0                 0    0    
   2                         6                 5    11   
   3                         3                 6    9    
   4                         2                 0    2    

^\*^Endodontic failure is defined here as recurrence of signs or symptoms like periapical lesion and pain after endodontic therapy is finished.

^†^Periodontitis is defined here as bone resorption over 70% of the length of the root with the 3^rd^ degree of tooth mobility.

^‡^Bone quality was assessed at implant surgery according to the classification suggested by Lekholm and Zarb (1985).

###### Comparative mean (95% confidence interval) and changes in distance from implant shoulder to first bone-to-implant contact (DIB) and peri-implant area (PA) according to different implant connections

![](jap-11-147-i002)

                                        External (n = 11)      Internal (n = 11)     *P* value^a^   Effect size^c^
  ------------------------------------- ---------------------- --------------------- -------------- ----------------
  DIB at baseline                       -0.06 (-0.62 - 0.50)   0.21 (-0.45 - 0.87)   .813           
  DIB at 1 year loading                 0.53 (-0.23 - 1.29)    0.26 (-0.21 - 0.74)   .105           
  △DIB (baseline--1 year postloading)   0.59 (-0.05 - 1.23)    0.04 (-0.45 - 0.47)   .116           0.67
  *P* value^b^                          .067                   .837                                 
  PA at baseline                        0.34 (-0.12 - 0.80)    0.31 (-0.13 - 0.75)   .917           
  PA at 1 year loading                  0.44 (-0.22 - 1.10)    0.40 (-0.02 - 0.82)   .198           
  △PA (baseline--1 year postloading)    0.10 (-0.21 - 0.41)    0.09 (-0.25 - 0.43)   .923           0.02
  *P* value^b^                          .495                   .566                                 

^a^*P* value by independent samples t test.

^b^*P* value by related samples paired t test.

^c^Cohen\'s d was used as the effect size.
